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Surface Chemistry of Protein Adhesion Domains on Diblock Copolymer
Films Characterized by Chemical Force SpectroscopyMapping Technique
Somyot Chirasatitsin1, Priya Viswanathan2, Giuseppe Battaglia2,
Adam Jeffrey Engler1.
1University of California, San Diego, La Jolla, CA, USA, 2The University of
Sheffield, Sheffield, United Kingdom.
Adhesions play an important role in adherent cell structures encouraging a va-
riety of chemical and mechanical signals which, in turn, regulate cell behaviors
including differentiation. In Vitro, cell substrates were modified by coating
with protein ligands homogeneously, in cellular scale, allowing cell attachment
and proliferation. However, extracellular matrices in reality provide heteroge-
neous adhesive sites. To mimic this, diblock copolymer films (dBCP) of
polystyrene-block-polyacrylic acid (PS-b-PAA)and polystyrene-block-
polyethylene oxide (PS-b-PEO) were introduced. The combinations by molar
of PS-b-PAA and PS-b-PEO, 100:0, 75:25, 50:50, 25:75, and 0:100, were ap-
plied to establish the patched-like structure. Consequently, the films were ex-
amined the surface chemicals by chemical force spectroscopy mapping
(CFSM) based on atomic force microscopy. The probe coated by the protein
of poly-l-lysine to enhance the adhesive interaction between the probe and
the surface was applied on the surface spatially and revealed the features of ad-
hesive domains down to nanoscale. Area fraction of PAA decreases from 90%
to 10% corresponding to the amount of PAA, as well as the PAA domain de-
creasing from 2 to 0.02 mm2. Because PAA offers protein immobilization,
meanwhile PEO prevents protein adsorption, therefore dBCP combinations
show differences in concentration of protein lysates. Adherent cells like mes-
enchymal stem cell, in future work, will be cultured on the films and examined
responses, like morphology, proliferation, and differentiation.Emerging Single Molecule Techniques I
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Long Term Single Molecule TIRF Observation of Biomolecules without
Immobilization
Virginia VanDelinder, Niccolo` Banterle, Morgane Agez, Swati Tyagi,
Gustavo Fuertes, Sigrid Milles, Edward A. Lemke.
European Molecular Biology Laboratory, Heidelberg, Germany.
Single-molecules fluorescence techniques have yielded valuable structural and
dynamical information about molecular biological machines. The most com-
mon approaches used to observe single molecules in biology are confocal spec-
troscopy of freely diffusing molecules and total internal reflection (TIR)
microscopy of surface attached molecules. With the latter technique it is pos-
sible to perform long-term observation of individual molecules, but at the
cost of complex immobilization procedures that cannot be generally applied
and often perturb the sample. Here we demonstrate a versatile technology
that combines the advantages of both existing approaches, i.e. freely diffusing
molecules and long-term observation with high signal to noise, in a simple,
easy to handle, low-cost nanofluidic platform. Biomolecules flow through
channels that are less than 100 nm deep, which keeps them within the TIR field,
as required to fully exploit the high signal to noise possible with this optical
sectioning technique. Rather than employing typical expensive nanofluidic
technology, the nanochannels are generated using controlled channel collapse
on a microfluidic device made from PDMS, ensuring easy fabrication and han-
dling. We demonstrate that biomolecules labeled with single fluorophores can
be imaged with millisecond time-resolution for several seconds. In addition, the
design of the control channel of the device makes it possible to achieve high
fluorophore photostability by removing oxygen without any need to add chem-
icals. By having a continuous stream of biomolecules flowing through the nano-
channels, thousands of biomolecules can be measured each hour, illustrating
the potential for automated experiments. We demonstrate the compatibility
of the device with large biological complexes by showing multi-channel imag-
ing of freely diffusing single nucleosomes.
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Sensing Cooperativity in ATPHydrolysis for SingleMultisubunit Enzymes
in Solution
Yan Jiang, Nicholai R. Douglas, Nicholas R. Conley, Erik J. Miller,
Judith Frydman, W.E. Moerner.
Stanford University, Stanford, CA, USA.
Cooperative interactions are critical for multisubunit enzymes to fulfill their
enzymatic cycle in a coordinated fashion. To study this poorly understood
process in the mammalian double-ring 16-subunit chaperonin TRiC/CCT,
ATP number distributions in various hydrolyzed states are measured for single
copies of the enzyme as each of the subunits can bind and hydrolyze ATP.Fluorescent-nucleotide-bound chaperonins are localized in free solution by
closed-loop feedback provided by an Anti-Brownian ELectrokinetic trap
(ABEL trap), producing fluorescence emission traces which allow determina-
tion of the number of nucleotides on each enzyme. As ADP molecules are dis-
sociating from the chaperonin, the single peak at eight ADP bound simply
falls in height over time, indicating a highly cooperative ADP release process
difficult to observe by ensemble-averaged methods (figure).
ByaddingAlFxduringATPincubation,ATP
transition state mimics (ADPAlFx) are
locked to the complex and show a dominant
peak at 8 nucleotides for all incubation con-
centrations above 25 mM. Although ensem-
ble averages of the single-molecule data
can be matched with standard cooperativity
models, surprisingly, the observed number
distributions depart significantly from
standard models and reveal stronger cooper-
ativity, illustrating the power of the single-
molecule distribution-based approach.887-Pos Board B673
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Single-molecule force-spectroscopy techniques, such as magnetic and optical
tweezers, havebecomeapowerful tool in the detailed investigationof the biophys-
ical properties ofDNA and its interaction with proteins. Typically, the truly single
molecule nature of these experiments heavily limits data collection. However, the
particle image based data analysis used inmagnetic tweezers naturally lends itself
to the simultaneous measurement of multiple, spatially separated, molecules.
We will describe the technical challenges involved in performing these multi-
plexed magnetic tweezers measurements and present the solutions. These in-
clude, the importance of post-experiment rather than real-time tracking due
to computation constraints, the rapid selection of singularly tethered beads,
and limits on the density of DNA-tethered magnetic beads. As a solution to
the latter we describe a novel method to create targeted, non-random immobi-
lization of DNA-tethered magnetic beads in regular, high density, arrays
through micro-contact printing of DNA end-binding labels. This technique
can allow an order of magnitude increase in data throughput of magnetic twee-
zers experiments. We are able to demonstrate the use of these techniques to per-
form experiments on hundreds of potential DNA-tethered beads in parallel
resulting in statistical data on the mechanical properties of the DNA.
Having developed the technique we describe its application to investigating an
essential process in the repair of DNA damage through homologous recombi-
nation. Specifically, we study the nucleation of RecA proteins onto DNA and
the subsequent formation of nucleoprotein filaments. With nucleation occurring
only once per molecule per experiment our multiplexed approach is ideally
suited to provide insights into this process along with the potential to capture
other statistically rare protein-DNA interactions.
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New Tools for Discovering the Role sRNA Plays in Cell Regulation
Douglas P. Shepherd, Nan Li, Elizabeth Hong-Geller, Brian Munsky,
James H. Werner.
Los Alamos National Laboratory, Los Alamos, NM, USA.
Small RNA (sRNA, [1]) is a recently discovered class of small molecules
recognized as an important regulator of cellular response. Direct study of
sRNA dynamics within living cells faces two important challenges. First,
the functional role of sRNA can be difficult to discern, as a given cell re-
sponse or observable phenotype could have produced from a variety of pos-
sible regulatory network motifs. Second, the small size of sRNA makes it
difficult to attach enough fluorescent probes to achieve a measurable signal
without perturbing the system dynamics. To address these challenges, we
have used single molecule fluorescence in situ hybridization (smFISH,
[2]) to study cell-to-cell heterogeneity of mRNA copy numbers for human
host cells in the presence and absence of bacterial sRNA. These experimen-
tal mRNA distributions are used to refine and down-select regulatory model
that are evaluated by the Finite State Approach [3] along with other theo-
retical techniques. A large number a cells are subjected to varying condi-
tions such as nutrient concentration, salt content, and pathogen infection
Sunday, February 26, 2012 179ato eliminate incorrect regulatory models. The models, in turn, provide feed-
back and guidance to our experimental work to better understand the roles
that sRNA plays in the cellular response.
[1] Fire et al., ‘‘Potent and specific genetic interference by double-stranded
RNA in Caenorhabditis elegans’’, Nature (1998)
[2] Raj et al., ‘‘Imaging individual mRNA molecules using multiple singly la-
beled probes’’, Nature Methods (2008).
[3] Munsky et al., ‘‘Listening to the noise: random fluctuations reveal gene net-
work parameters’’, Molecular System Biology (2009).
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Norbert H. Opitz1, Alexander Werkmueller2, Roland Winter2.
1Max-Planck-Inst. Molecular Physiol., Dortmund, Germany,
2Technische Universitaet Dortmund, Dortmund, Germany.
FCS is a powerful method to measure diffusional and rotational properties
of molecules as well as intramolecular transitions (e.g. triplet transition
rates and isomerization) and intermolecular interactions (e.g. protein-
protein, DNA-protein, etc.). Since the introduction of the confocal measur-
ing principle by Rigler et al. and single photon counting avalanche pho-
todiodes, FCS techniques attained a tremendous revival due to an
increased sensitivity enabling even the study of single fluorescent mole-
cules traversing the open, optically confined volume element. Despite
these improvements it still remains desirable to further enhance the
most important parameter in FCS measurements, i.e. the count rate per
molecule (CRpM), in order to further improve the overall performance
of FCS measurements (e.g. to enhance signal-to-noise and signal-to-
background ratios, and, simultaneously, to minimize acquisition times).
To this end we present here investigations showing an increase of the CRpM of
> 200 kHz for Rhodamine Green (excit. laser power> 0.4 mW, 488 nm) along
with an effective confocal volume in the subfemtoliter range (0.76 fl). How-
ever, photophysical processes like photobleaching, saturation, Rayleigh and
Raman scattering as well as triplet transitions and/or isomerization have to
be taken into account to perform optimized FCS measurements. Under these
conditions we succeeded to yield signal-to-background ratios (i.e. CRpM/
BGCR with BGCR background count rate due to scatter) of > 400 at relatively
low laser power (0.1-0.3 mW). Further increasing the laser power results in in-
creased triplet transition rates, bleaching and linearly increasing BGCR
whereas CRpM levels out into a plateau. Thus, higher excitation energies
(above 0.5mW) are in case of Rhodamine Green of counterproductivity. Fi-
nally, thanks to the improved single molecule detection sensitivity, we demon-
strate that pico- and even femtomolar concentrations of fluorophores can be
detected by confocal FCS under optimized photophysical conditions.
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Heterogeneity of Anti-VEGF Aptamer : A Single Molecule Study
Nitesh K. Poddar1, J. Nick Taylor1, Josephine L. Harrington2,
Christy F. Landes1, Indhu Kanakaraj3, Richard C. Willson3.
1Rice University, Houston, TX, USA, 2School of Medicine, University of
Massachusetts Medical School, Worcester, MA, USA, 3Department of
Biology and Biochemistry, University of Houston, Houston, TX, USA.
Age-related macular degeneration (AMD) is a major cause of severe visual
loss worldwide. Among the key regulators, inhibition of vascular endothelial
growth factor (VEGF) serves as a promising candidate for controlling angio-
genesis in AMD. The emergence of aptamers as anti-VEGF (aV) provides
a new pathway for targeting VEGF to control the disease. aV exhibits con-
formational dynamics and heterogeneity, implying a rugged energy land-
scape. Characterization of the heterogeneity of aptamers by single
molecule fluorescence energy transfer (smFRET) has not been extensively
elucidated. smFRET efficiency distributions in single-molecule experiments
contain both structural and dynamical information. Extraction of this infor-
mation from these distributions requires a careful analysis of unwanted con-
tributions from dye-photophysics. We used cross-correlation analysis to
characterize each time series trajectory and distinguish it from contributions
of unwanted dye photophysics. NMR and analytical centrifugation were used
to complement the dynamic smFRET conformational analyses. Wavelet
denoising and state-finding algorithms were used to process the smFRET
data to remove shot-noise and find among the ensembles of DNA aptamer
conformational states. Binding of VEGF was found to induce a shift in
the equilibrium conformation of the DNA aptamer to two conformations. In-
creased ionic strength resulted in a decrease of the binding ability of the aV
to the VEGF.891-Pos Board B677
Photostability without pH Drop - An Alternative Oxygen Scavenging
System for Sinlge-Molecule FRET Experiments
Marko Swoboda1, Jo¨rg Henig2, Hsin-Mei Cheng1, Nicolas Plumere2,
Michael Schlierf1.
1B CUBE Center for Molecular Bioengineering, Technische Universita¨t
Dresden, Dresden, Germany, 2Center for Electrochemical Sciences, CES,
Ruhr-Universita¨t Bochum, Bochum, Germany.
Single-molecule FRET has become a powerful tool to study conformational
changes in cellular machines and many other biomolecules. Labeled with fluo-
rophores, distance changes can be tracked with high temporal and spatial res-
olution. The performance of such fluorophores in experiments, however, is
limited by the average fluorophore lifetime before bleaching among other fac-
tors. Oxygen-scavenging systems can create oxygen-depleted conditions in
fluorescence experiments and thereby reduce the bleaching due to free singlet
oxygen.
The most common enzymatic system used for oxygen scavenging is glucose-
oxidase and catalase (GOC). One of the pitfalls of this combination, however,
lies in the creation of acidic conditions by the production of gluconic acid. This
can lead to a significant drop in pH over the course of an experiment affecting
many biomolecules and fluorophores.
Here, we present an alternative enzymatic system for oxygen scavenging whose
performance exceeds that of GOC with two commonly used fluorophores, the
cyanine dyes Cy3 and Cy5. The average molecule lifetime before bleaching is
extended and no change in pH value is observed. We compare our observations
with other common oxygen scavenging systems.
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The Stability and Dynamics of E-Coli Beta-Clamp by Single Molecule and
Fluorescence Correlation Spectroscopy
Suman Ranjit1, Lauren Douma2, Linda B. Bloom2, Marcia Levitus1.
1Arizona State University, Tempe, AZ, USA, 2University of Florida,
Gainesville, FL, USA.
The sliding clamp is an important component of DNA polymerase III. In
the presence of the g complex and ATP, the b clamp, which consists of
two monomeric units, forms a ring-like structure around double stranded
DNA. The rest of the DNA replication machinery binds to the b clamp
and continues replication. This process increases the rate and the processiv-
ity of replication by orders of magnitude.
In this project, we investigated the dimerization equilibrium of the beta-clamp
dimer, and the existence of rapid spontaneous conformations that involve the
opening of the dimer interface. The b-clamp was labeled with TMR dyes. In
a closed conformation, the dyes can form a H-dimer and quench the fluores-
cence. However, in an open conformation, the dyes are further apart from
each other and their fluorescence increases. Thus, if the b-clamp dissociates
at low concentrations it should result in more fluorescence. This was investi-
gated through single molecule spectroscopy, and the data was used to find
the dissociation constant of the b-clamp. In addition, the kinetics of the rapid
spontaneous fluctuation between open and closed conformations of the b-clamp
is studied using fluorescence correlation spectroscopy.
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Investigating the Stoichiometry of RuBisCO Activase by Fluorescence
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Manas Chakraborty, Agnieszka Kuriata, Nathan Henderson,
Rebekka Wachter, Marcia Levitus.
Arizona State University, Tempe, AZ, USA.
Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) is an en-
zyme that catalyzes the carboxylation of the substrate Ribulose-1,5-
bisphosphate . The notorious inefficiency of RuBisCO to catalyze carbox-
ylation is due to inhibition by various metabolites. RuBisCO activase, an
ancillary enzyme is needed to foster the activity of RuBisCO. Activase
has been recognized as a member of the AAAþ family of the ATPases.
It facilitates the removal of firmly bound sugar phosphates thereby restor-
ing RuBisCO activity.
The stoichiometry and oligomerization kinetics of fluorescently tagged Ru-
BisCOactivasewas investigated in awide rangeof concentrations usingFluores-
cence Correlation Spectroscopy (FCS) in conjunction with Photon counting
Histogram (PCH) analysis. Experiments revealed that Activase exists as amono-
mer at sub-micro molar concentrations, and assembles into oligomers (possible
hexamers) at higher concentrations. The analysis of the concentration-dependent
diffusion coefficient revealed that the binding between the subunits occurs in
steps involving intermediates. The pathway of assembly taken by Activase
was found to be independent of the presence of ATP-gS or ADP in the system.
